Abstract-The purpose of this study was to investigate differences in lower limb muscle activation patterns for females wearing shoes with different heel heights during Sit to Stand Task (STS). Ten female participants with no prior history of neurological disorders participated in this study. Surface electromyography (sEMG) characteristics were recorded for four different heel heights (ranging from 4cm to 10cm) while performing the STS task. Signal processing analysis suggests that muscle activities increases on elevated heel heights, which may induce muscle imbalance for frequent STS tasks. In addition, results of muscle utilisation (percentage) for different heel heights suggest that lower limb muscles tend to compensate in order to maintain postural balance.
I. INTRODUCTION
In modern days, many women wear different types of high heel shoes (HHS), and many of them believe that wearing such type of shoes helps them gain self-confidence [1] . However, research shows that many women who are habituated to wearing high heels suffer from mild to severe pain [2] [3] [4] . Also, regularly wearing these shoes change gait mechanics and results in musculoskeletal problem which include knee osteoarthritis, low back pain and muscle fatigue [5, 6] . Moreover, HHS has been associated with an increased potential of slips and falls [3, 6] . Recently, Nascimento, et al [7] , reported an alteration of the sequence of muscle activation as well as increasing EMG activities in women who regularly wear HHS.
The negative impacts of wearing HHS on women's health have been recognized for a long period [5, 8, 9] . Williams and Haines [10] showed that there is positive relationship between injury and wearing HHS. They scanned the Victorian Emergency Minimum Database and found that there have been 240 incidences caused by wearing HHS from 2006 to 2010. A recently published study by Moore et al. [11] investigated the epidemiology of HHS caused injuries in the United States. During eleven years (2002 to 2012), the rate of HHS caused injuries has increased by approximately 82%. This study further stressed the danger and social economic cost of wearing HHS [11] . Kerrigan, et al. [12] suggested that wearing HHS could predispose to Amit Acharyya is with Department of Electrical Engineering Indian Institute of Technology, Hyderabad, India(email:amit_acharyya@iith.ac.in) osteoarthritis and suggested that even moderate heeled shoe and wide-heeled shoe can alter the knee varus torque.
As wearing HHS in working environment is very common for women, it is important to know the problems it caused. The sit-to-stand (STS) task is the most commonly performed basic task of daily living [3, 13] . Kim et al. [2] reported that high-heeled shoes alter the EMG amplitude of the upper leg and lumbar muscles during a STS task. Their findings suggest that elevated heel heights have the potential to induce muscle imbalance during STS tasks. In another study, Goulart and Valls-Sole [14] reported the postural and the executional sEMG activity of leg and thigh muscles during the STS task and confirmed that balance and postural adjustments in the human body were well controlled when the initial seated posture changed. These findings emphasize the need for better understanding of how wearing high-heel shoes alters muscle activation patterns during STS and other activities of daily living and functional tasks.
STS tasks demand optimum neuromuscular coordination and postural changes to control the body and to prevent loss of balance [2, 9] . According to Dehail et al [15] , in order to maintain postural balance human body has to make necessary adjustments. One such modification related to the STS task is the wearing of high-heeled shoes. Barton, Coyle & Tinley [16] reported that regular usage of high heel shoes for STS and related tasks may contribute to changes in body posture, and may induce low back pain in women. STS task demands quadriceps muscle strength and postural control, so that balance is maintained during the postural transition and while standing upright [17, 18] .
Recent studies have mainly focused on the effects of HHS on kinematic and kinetic changes during stair ascent/descent tasks [16, 19] . However, there have been only few studies regarding the effects of wearing HHS on postural related muscle activities and postural changes during the STS task. It is essential to understand the effects of wearing HHS during STS tasks on postural changes and muscle activations. Hence, the aim of our research is to investigate variations of lower limb muscle activation patterns in women during STS tasks for different heel heights. In this regard, contribution of muscle parameters is computed and analyzed during a high heel STS tasks.
II. METHODOLOGY

A. Subjects
The University Human Research Ethics Committee approved the experimental protocol for this study. 
B. Study Design
For this study, shoes with different heel heights were chosen, which include, 4cm, 6cm, 8cm and 10cm heels. The surface of the heels is approximately 1cm 2 for all shoes, which is defined as stiletto in fashion industry. In order to maintain uniqueness, the shape and style of these shoes are chosen to be as much similar as possible. All participants answered a questionnaire regarding HHS wearing experience.
All tasks were performed in a health technology laboratory. The sequence of wearing different heights of shoes was randomly assigned. Detailed explanation and trials were given before data recording so that participants could familiarise themselves with the environment and procedure. For the STS task, participants sat in an armless chair. They were asked to put their arm across their chest. Thus, the arms would not be used to assist the movement of standing up. Their feet were placed in a set position so that movement of feet and legs was not required when they stood up from a seated position. After the participants had settled in the chair, they sat still for five seconds and then were signalled by the word "stand". Participants were required to remain standing for another five seconds until they heard the word "sit". Between each task (STS task using different heels), about 3 to 5 minutes' rest was given to avoid potential muscle fatigue.
C. Data Acquisition
The sEMG signals were recorded from the six muscles that involve in the flexion of knee and ankle, which are: rectus femoris (RF), vastus lateralis (VL), vastus medialis (VM), semitendinosus (ST), gastrocnemius medialis (GA) and tibialis anterior (TA). The electrodes were placed on the dominant leg. In order to identify the dominant leg, participants were asked which leg they would choose to kick a ball with, and the chosen leg was considered to be the dominant one. The placement of electrodes was configured according to the SENIAM guidelines [20] . The electrodes were silver-silver triode with a fixed inter-electrode distance of 2 cm and a diameter of 1cm (Thought Technology, Montreal, Quebec, Canada). Skin was cleaned by alcohol wipe before the placement of electrodes. One of the examples of the sEMG electrodes connection for a participant during the experiment is shown in Figure 1 . The sEMG signal was recorded by Flexcomp Infiniti encoder system and transmitted to a computer through Bluetooth wireless for display (Biograph Infiniti) at 2048 samples/sec.
D. Data Processing and feature extraction
The recorded sEMG data were exported from Biograph Infiniti and then processed using Matlab R2012a software. Initially, sEMG data was filtered between 20Hz to 450Hz using a 4 th order Butterworth band pass filter.
In order to assess the effect of heel height on STS tasks we computed the RMS feature from the complete STS data. Prior to that the muscle activity onset time of each muscle was defined as the point at which the amplitude of signal exceeded the mean amplitude plus 3 times standard deviations (SD) during the 1s before the start of the STS task [3] . Root mean square (RMS) feature was calculated for moving window of 500ms duration. The RMS is given as:
where ) (n x , n, N represents segmented EMG signal at time, time index of recorded EMG signal and Total number of samples respectively. The results of the above parameters were averaged separately over all ten participants (pooled results) for each heel height. A 1×4 repeated measures analysis of variance (ANOVA) was carried out to determine statistically significant differences between the four heel heights.
III. RESULTS AND DISCUSSION
The average pooled results for RMS is shown in Figure  2 . Similarly, the utilization of each muscle (in percentage) during STS task for all heel heights is shown in Figure 3 . RMS results (Figure 2) shows that as the heel height increases sEMG activity is increasing in all muscles. Also, there is a significant increase of VM values for elevated heel heights, whereas a moderate increase of muscle activities can be seen in other muscles. Overall (RMS Overall muscle utilisation factor (refer to Figure 3 ) results indicate that VM is utilized almost 1/3 rd of the entire muscle utilization followed by RF and VL (nearly 1/5 th ). This indicates that quadriceps muscles play an important role for STS tasks (65%) as compared to hamstring (ST) and calf muscles (GA) in women. According to Williams and Haines [10] the quadriceps muscles are activated more in order to prevent knee collapse. Hence, the increased quadriceps muscle activities (seen in this study) may have served to compensate for the tendency to flex the knee when performing the STS task [2, 21] .
Muscle utilisation factor results ( Figure 3) show that muscle activation pattern remains constant for STS tasks irrespective of heel height. Lomaglio and Eng [22] reported the RF, VL, and VM are among the muscles that are activated most during the STS movement. Similarly, Cahill, et al. [23] reported that the dynamic stability of the quadriceps muscle, GM, and soleus muscle is important for the STS movement, as they play a critical role in controlling motion speed. Eriksrud and Bohannon [24] reported the RF achieves knee stabilization prior to hip joint flexion and knee extension during the STS movement. The above indicates that both quadriceps and hamstring muscles active during STS tasks and tend to compensate in order to maintain postural balance.
IV. CONCLUSION
This study has produced useful information on the effects of heel height on muscle activation during STS tasks. Based on the findings of this research, it can be concluded that high heel shoes increase muscle activation and may induce imbalance in women. The results of this study may have important implications for muscle efficiency and injury risk in women during common movements and STS tasks. The limitation of our study is that the subjects represented a population of young women, and hence findings of this research may not be generalized to older females. Therefore, future works involving large number of participants (both young and old) are needed to confirm this hypothesis; also, deeper investigations of the influence of the muscle forces on elevated heel heights are also needed.
